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Introduction
In Japan, the incidence of early gastric cancer (EGC) has increased to more than 50% of the overall incidence of gastric cancer thanks to advances in endoscopic technology and increased screening (1) . Since first reported by Kitano et al. in 1991 (2) , laparoscopy-assisted distal gastrectomy has been accepted as one of the standard surgical options for EGC in the middle or lower third of the stomach because of its high cure rate and good postoperative quality (3) .
For EGC in the upper third of the stomach, proximal gastrectomy (PG) has been performed to preserve the physiological function of the remaining stomach and to maintain the stomach reservoir (4) (5) (6) . Several studies reported that PG has clear advantages over total gastrectomy (TG) in terms of short-term outcomes (6) (7) (8) . PG is therefore a recognized alternative to TG for EGC in the upper third of the stomach.
In a recent study on laparoscopic surgery for EGC in the upper third of the stomach, laparoscopy-assisted proximal gastrectomy (LAPG) was reported (9) . However, this is not yet a standard surgical method because of the difficulty of the anastomosis and the reconstruction method.
Jejunal interposition acts as a substitute sphincter, which seems to be ideal for preventing postoperative reflux from the remnant stomach (6) . At our institution, reconstruction in open proximal gastrectomy with jejunal interposition (OPG-JI) was performed until June 2010. Since July 2010, we have performed LAPG with jejunal interposition (LAPG-JI) in 32 patients. The use of LAPG-JI is not yet widespread (10) (11) (12) , and there have been few reports comparing the outcomes of LAPG-JI and OPG-JI (10) .
The present study aimed to describe our surgical techniques and evaluate the feasibility and safety of LAPG-JI by comparing it with OPG-JI based on a retrospective data review.
Materials and Methods
This study was a single-center, retrospective observational study. The subjects gave informed consent, and patient anonymity was preserved. Between July 2007 and October 2016, 70 proximal gastrectomies with jejunal interposition for gastric cancer were performed at Ogaki Municipal Hospital. Patients were selected for proximal gastrectomy with jejunal interposition if they had been diagnosed with T1N0M0 gastric cancer in the upper third of the stomach based on endoscopy and abdominal CT and if it was estimated that the distal half of the stomach could be preserved. If the distal half of the stomach could not be preserved, TG was performed. We retrospectively compared the surgical data of the patients who had undergone LAPG-JI (n = 32) with those who had undergone OPG-JI (n = 38) ( Figure 1 ). OPG-JI was performed until June 2010, and since July 2010, LAPG-JI has been performed. The decision whether to perform OPG-JI or LAPG-JI was based purely on the time period during which the operation was performed. However, for patients over 81 years old, with organ dysfunction (i.e. cardiovascular or respiratory dysfunction or coagulation), previous upper abdominal surgery, or low-performance status, we performed OPG-JI.
In each patient, LAPG-JI was performed by either an expert in laparoscopy surgery (Y.K., A.M., Y.T.) or a trainee familiar with operating under the expert's supervision. Although OPG-JI was not performed by specific surgeons, it was completed in the same way every time.
After surgery, baseline analgesia was administered to all patients by continuous epidural infusion of ropivacaine or continuous intravenous infusion of fentanyl or buprenorphine for 3 days, with additional analgesia administered if requested by the patient. Perioperative and postoperative management protocols (clinical pathways) were amended over time. The recommended length of hospital stay was about 14 days regardless of the surgical approach if the patient was able to tolerate at least 50% of a normal diet without fever, pain, or vomiting. The clinical pathway allowed patients to start eating on postoperative day (POD) 4; this changed to POD 3 in July 2014 for patients who underwent laparoscopy. However, time to first eating was ultimately decided according to the attending doctor's judgment based on the patient's abdominal condition after first flatus. Figure 1 Schematic illustration of reconstruction with jejunal interposition. Esophagojejunostomy was performed using a circular stapler intracorporeally. Jejunogastrostomy, which was performed 15 cm from the esophagojejunostomy, and jejunojejunostomy were performed extracorporeally with a hand-sewn technique.
The variables-specifically clinical characteristics and surgical and postoperative outcomes-were recorded by retrospective review of the medical records. In addition, the parameters reflecting postoperative recovery, such as the time to first flatus or eating, need for additional analgesia, and acute inflammatory response after surgery based on white blood cell (WBC) count and body temperature were recorded. The number of doses of additional analgesia was recorded when another agent was administered epidurally, intravenously, or transanally. To exclude differences due to changes in clinical pathways, the time to first eating was compared only among patients who underwent surgery from July 2007 to June 2014: 23 patients in the LAPG-JI group and 36 patients in the OPG-JI group. Postoperative complications were evaluated according to the Clavien-Dindo classification (13), and grade II or higher was considered significant. Early and late complications were defined as those that occurred within and after 1 month after surgery, respectively. Endoscopic gastroesophageal reflux was generally evaluated 1 year after surgery according to the Los Angeles classification. Staging was conducted according to the UICC TNM classification, 7th edition.
Statistical analysis
All statistical calculations were performed using JMP version 5.1 (SAS Institute, Cary, USA). The χ 2 test or
Fisher's exact test was used to compare categorical variables, and Student's t-test or the Mann-Whitney U-test was used to compare continuous variables, as appropriate. A value of P < 0.05 was considered statistically significant.
Surgical procedures: LAPG-JI
The patient was placed in the supine position with their legs apart. A 12-mm trocar port was inserted inferior to the umbilicus by the open method. After the establishment of pneumoperitoneum at 10 mmHg, a flexible laparoscope (Olympus Medical Systems Corp., Tokyo, Japan) was introduced through the port. An additional five ports and a Nathanson liver retractor for liver lift with fixation by OCTOPUS (Yufu, Tokyo, Japan) were inserted. An aspirating tube was introduced through the 5-mm port on the left side of the umbilicus (Figure 2a ). In principle, we mobilized the stomach and performed en bloc systematic lymph node dissection laparoscopically in almost the same manner as in conventional open gastrectomy. To mobilize the stomach and dissect the lymph nodes, laparoscopic coagulating shears (Ethicon EndoSurgery Inc., Cincinnati, USA) were used. After mobilization of the proximal stomach and clearance of the surrounding connective tissue of the esophagus, a detachable intestinal clip was placed on the esophagogastric junction. Three-quarters of the esophageal wall was transected with the laparoscopic coagulating shears. It was not completely transected to avoid retreat of the esophageal stump into the mediastinum. A hand-sewn purse-string suture using 3-0 Vicryl (Ethicon Endo-Surgery) was placed on the esophagus (Figure 2b ). The anvil of a 25-mm circular stapler was introduced into the esophagus (Figure 2c) . A 4-5-cm midline incision was made in the upper abdomen. The stomach was placed outside the abdomen via a mini-laparotomy incision. After the vessels of the greater and lesser curvatures were ligated, the stomach was transected along the planned resection line using a linear stapler (100 mm; Covidien, Mansfield, USA).
At the oral side of the jejunal interposition, the mesentery was divided vertically, ligating the marginal artery, or along the intestine, sacrificing a 10-cm length of jejunum, similar to the procedure reported by Katai et al. (6) . The main body of the circular stapler was introduced into the jejunum via its oral end and inserted into the abdomen through a surgical glove attached to the wound retractor to prevent air leakage. Then, esophagojejunostomy was performed laparoscopically in an end-to-side fashion (Figure 2d) , and the oral stump of the jejunum was closed using an endoscopic linear stapler (Ethicon Endo-Surgery).
Jejunogastrostomy was performed via a minilaparotomy in a side-to-end fashion using the handsewn Gambee method 15 cm from the esophagojejunostomy (Figure 2e ). The anal side of the jejunal interposition was closed using an endoscopic linear stapler 2 cm from the jejunogastrostomy, and the mesentery was divided along the intestine, sacrificing a 10-cm length of jejunum.
Jejunojejunostomy was performed via a minilaparotomy in an end-to-end fashion using the handsewn Gambee method. In the reconstruction, the retrocolic approach created three defects: transverse mesocolon, jejunojejunostomy, and between the interposed jejunal pedicle and the transverse mesocolon (Petersen). In contrast, the antecolic approach created only two mesenteric defects: jejunojejunostomy and Petersen. These defects were not closed in all cases.
We routinely inserted one intra-abdominal drain during surgery before each wound was closed (Figure 2f ). abdominal incision. However, when the anvil of a 25-mm circular stapler was inserted into the esophageal stump, we did not apply a hand-sewn purse-string suture but instead used a purse-string suture device. In almost all operations, the jejunojejunostomy defect and transverse mesocolon defect were closed, but Petersen was not.
Results
A total of 70 patients who underwent proximal gastrectomy (LAPG-JI, n = 32; OPG-JI n = 38) were enrolled in this study. No conversion to open surgery was recorded in the LAPG-JI series. Clinical characteristics and pathological findings of patients are summarized in Table 1 . The median age of the OPG-JI group was significantly higher than that of the LAPG-JI group, but there were no differences in sex, BMI, presence of comorbidities, or previous laparotomy between the two groups.
Surgical outcomes are summarized in Table 2 . In the LAPG-JI group, the operation time was significantly longer (189 vs 154 min), and the estimated blood loss was significantly less (30 vs 180 mL). In one patient in the OPG-JI group, the amount of blood loss was 1610 mL due to the injury of the spleen and, therefore, simultaneous splenectomy. There were no differences in the number of harvested lymph nodes.
Postoperative variables are presented in Table 3 . The incidence of early postoperative complications did not significantly differ between the two groups. Pancreatic fistula occurred in one patient in each group. The patient in the OPG-JI group developed a grade IIIa pancreatic fistula and was treated conservatively with a drain placement during the initial operation. Anastomotic stenosis at the jejunojejunostomy occurred in one patient (3.1%) in the LAPG-JI group. The patient was treated with conservatively. No anastomotic leakage was observed in either group. One patient (2.6%) in the OPG-JI group developed ileus due to small bowel adhesion, and reoperation was performed on POD 7. Three months after reoperation, this patient again developed ileus due to small bowel adhesion, and adhesiolysis was performed.
The incidence of late postoperative complications also did not significantly differ between the two groups. Anastomotic stenosis at the esophagojejunostomy occurred in one patient (3.1%) in the LAPG-JI group. The patient was successfully treated by endoscopic balloon dilatation. Ileus was observed in seven patients (10.0%): three (9.4%) in the LAPG-JI group and four (10.5%) in the OPG-JI group. Reoperation was required in six patients: two in the LAPG-JI group and four in the OPG-JI group. The other patient in the OPG-JI group was the one who had developed recurrent small bowel adhesion. One patient in the LAPG-JI group also developed ileus due to small bowel adhesion in two patients. The other four patients requiring reoperation (LAPG-JI, n = 1; OPG-JI, n = 3) developed internal hernia (IH) beneath the jejunal loop. All patients' symptoms improved, and they were discharged after surgery. Time to first flatus did not differ between the groups, but time to first eating was shorter in the LAPG-JI group. The number of additional doses of postoperative analgesia was significantly lower in the LAPG-JI group.
Changes in WBC count and body temperature are shown in Figure 3 . The mean WBC levels on POD 1 (10.3 vs 12.8 × 10 9 /L) and 7 (6.80 vs 8.27 × 10 9 /L) and the mean body temperature on POD 3 (36.9 vs 37.2 C) were lower in the LAPG-JI group than in the OPG-JI group. Postoperative endoscopy was attempted on 25 patients (78.1%) in the LAPG-JI group and 27 patients (71.0%) in the OPG-JI group. An endoscopic survey of the remnant stomach was impossible in three patients (12.0%) in the LAPG group and two patients (7.4%) in the OPG group. Los Angeles grade C reflux esophagitis was observed in only one patient (4.0%) in the LAPG-JI group and symptoms were immediately relieved with medication. No remnant gastric cancer was observed in either group.
The median follow-up period was 39.1 months (range, 1.2-69 months) in the LAPG-JI group and 61.4 months (range, 4.1-112 months) in the OPG-JI group. No tumor recurrence was observed in any patients.
Discussion
This study was designed to compare the clinical outcomes of LAPG-JI and OPG-JI for EGC in the upper third of the stomach with particular attention paid to surgical and postoperative outcomes. LAPG-JI was associated with a significantly longer operative time, but had similar morbidity and oncological outcomes as OPG-JI. Moreover, LAPG-JI had additional benefits such as less operative blood loss, less invasiveness, and quicker recovery, and it seemed to be a feasible and safe procedure.
Recently, PG has been widely performed for EGC in the upper third of the stomach. PG maintains comparable oncological radicality to TG, but it is preferred over TG in terms of maintaining postoperative nutritional status and preventing postoperative anemia; this is because the gastric reservoir is preserved, and gastric acid secretion and Castle's intrinsic factor are maintained (8, 14) . Although reflux symptoms and esophagitis have been major postoperative problems for patients who underwent PG, a sphincter-substituting reconstruction called jejunal interposition has minimized these symptoms (15, 16) .
LAPG-JI may be an ideal surgical approach, but this has not yet been confirmed because of the technical difficulties associated with laparoscopic reconstructions.
Esophagogastrostomy has been performed frequently because direct anastomosis is very simple and requires only one anastomosis (9, (17) (18) (19) (20) . However, the rates of anastomosis-related complications (e.g. reflux esophagitis, anastomotic stenosis) with esophagogastrostomy were significantly higher than one with esophagojejunostomy in several studies (20, 21) . Esophagojejunostomy is considered a good reconstruction method in terms of preventing anastomosis-related complications. (21) . However, reports of LAPG-JI are limited because the three anastomotic procedures involved in this type of operation-esophagojejunostomy, jejunogastrostomy, and jejunojejunostomy-are time-consuming and technically complicated, requiring great meticulousness.
The first report of LAPG-JI was by Uyama et al. (12) , and since then, there have been several technical reports and case studies with small samples (11) . Very few studies have compared LPG-JI with OPG-JI. We compared the clinical outcomes of LAPG-JI and OPG-JI. To the best of our knowledge, this was the largest study comparing LAPG-JI with OPG-JI.
In the present study, the operation time in the LAPG-JI group was significantly longer than in the OPG-JI group. This finding was consistent with previous reports (10) . However, our median operation time was 188 min, which was less time than in other reports (10) (11) (12) . The shortened operation time might be partially thanks to the port setting; an aspirating tube was introduced through the 5-mm port on the left side of the umbilicus and manipulated by the right hand of the scopist to generate an auxiliary expanded field of view and to conduct lavage and aspiration to control the bleeding.
To date, several methods have been developed to overcome the technical aspects of esophagojejunostomy (22) (23) (24) (25) (26) . These methods can be classified into two representative approaches: one that employs a linear stapler for anastomosis and one that uses a circular stapler for anastomosis. We performed a hand-sewn purse-string suture for insertion of the anvil and then used a circular stapler. This method did not require the use of specialized devices to perform anastomosis and was very similar to the technique used in conventional open surgery. Postoperatively, no anastomotic leakage at the esophagojejunostomy was observed in either group.
The incidence of stenosis at the esophagojejunostomy site was 3.1% in the LAPG-JI group. The tendency for stenosis after OPG-JI was noted by Katai et al., who reported an incidence of 6.3%. Stenosis may also be caused not only by reflux esophagitis but also by tension in the interposed jejunum (15) . To relieve the tension of esophagojejunostomy, we paid attention to the extension of the jejunal pedicle. Patients with stenosis were successfully treated by outpatient endoscopic balloon dilatation. In our series, reflex esophagitis was observed in only one case (4.0%) in the LAPG-JI group. Endoscopy at 5 months after medication revealed that the esophagitis was cured. However, postoperative observation of the gastric remnant by endoscopy was impossible in three cases (12.0%) in the LAPG group and in two (7.4%) in the OPG group. One possible cause was the tortuosity of the interposed jejunum. The rate of remnant gastric cancer after OPG was higher than that observed after Open Distal Gastrectomy (ODG) (14) . We believe that a 15-cm long interposed jejunum acts as a substitute sphincter and is ideal for the prevention of reflux esophagitis (27) . Therefore, the length of the interposed jejunum should be carefully measured.
Four patients (5.7%) developed IH. IH occurred in one patient after LAPG-JI (3.1%) and in three after OPG-JI (7.9%). The site of IH was Petersen in all cases in which the Petersen defect was not closed. IH is a welldescribed and recognized complication of Roux-en-Y gastric bypass (28) . It has been suggested that the reduced adhesion formation resulting from the laparoscopic approach promotes IH development. Recently, there have been several reports of the incidence of IH after Roux-en-Y reconstruction in laparoscopic gastrectomy (29, 30) . In reconstruction during proximal gastrectomy with jejunal interposition, the retrocolic approach creates three defects, whereas the antecolic approach creates only two mesenteric defects. None of defects was closed in the LAPG-JI group, and the Petersen was not closed in the OPG-JI group. To prevent IH after gastric surgery, all defects should be closed (30) .
Many studies comparing laparoscopic surgery with open surgery reported that laparoscopic surgery has the advantage of a shorter recovery time (31) (32) (33) . In our study, the time to first flatus did not differ between the two groups, but the time to first eating was quicker in the LAPG-JI group. WBC count on POD 1 and 7 and body temperature on POD 3 were significantly lower in the LAPG-JI group than in the OPG-JI group. Adachi et al. reported that the laparoscopic approach could reduce acute-phase response after operation based on comparisons of inflammatory markers, such as serum C reactive protein and WBC (34) . We agree that the laparoscopic approach may reduce acute-phase response. In addition, the patients who underwent LAPG-JI had a more favorable body image and cosmesis postoperatively. These results suggested that LAPG-JI may have a number of benefits, including a better postoperative quality of life.
The present study has several limitations. The main limitations were that there might have been some biases, including age and comorbidities because of the study's retrospective nature, the small sample size (LAPG-JI, n = 32; OPG-JI, n = 38), and the short followup period ( LAPG-JI, median 34 months; OPG-JI, median 61 months). Moreover, because postoperative endoscopy was not performed in all patients, we do not know the precise incidence rate of reflux esophagitis and remnant gastric cancer. However, the results of this study are helpful in terms of processing prospective randomized clinical trials comparing LAPG-JI and OPG-JI.
In conclusion, we suggest that LAPG-JI for EGC in the upper third of the stomach seems to be technically feasible and safe, and it also offers the advantages of less invasiveness and quicker recovery than OPG-JI. LAPG-JI enabled an oncologic curative resection similar to what can be achieved with OPG-JI. We believe that our procedure will play an increasingly important role in the surgical treatment of EGC in the upper third of the stomach.
